Background
Introduction
The management of chronic kidney disease (CKD) in children has been improving greatly. Various dialysis modalities and solutions have enhanced biocompatibility. Collaborating teams of renal transplantation medical and surgical specialists has resulted in successful treatments. New medications to prevent CKD progression provide better prognoses for affected patients [1] . These treatments are applied with consideration regarding how they affect the cardiovascular, endocrine, and hematopoietic systems.
However, CKD requires daily life management; accordingly, the psychosocial development of pediatric patients with CKD is substantially affected due to growth retardation, frequent absences from school, and difficulties engaging in normal peer relationship activities due to CKD [2] . Therefore, CKD itself is a factor that predisposes the patient to psychopathology, while mental health problems also affect the prognosis of those with CKD [3] . Further, children's psychosocial adjustment is relatively vulnerable to external influences, such as those imposed by CKD [4] .
Previous studies have indicated that 30% of children and adolescents with CKD have symptoms of depression [5] . It has also been reported that the prevalence of internalizing problems, such as anxiety/depression as per the Child Behavior Checklist (CBCL), is significantly higher in children and adolescents receiving dialysis or pre-dialyzed children than in a control group [6] . The Chronic Kidney Disease in Children (CKiD) prospective cohort study of children with estimated glomerular filtration rates (eGFRs) between 30 and 90 ml/min per 1.73 m 2 applied a neurocognitive battery to evaluate neuropsychological problems and related factors [7] [8] [9] [10] . In the CKiD cohort study, patients with autosomal recessive polycystic kidney disease with mild to moderate CKD were compared with a control group with other causes of CKD; groups were matched on eGFRs and age. The comparison indicated that early onset CKD and severe hypertension (HTN) rendered children vulnerable to the risk of neurocognitive dysfunction [8] . The CKiD investigation also identified that genomic disorders predisposed patients with CKD to renal malformations and neurocognitive impairment [9] .
Although all children with CKD should be considered at risk for mental health problems and psychosocial adjustment problems, few studies have examined mental health problems among children with CKD. Most of the extant studies have focused on specific issues such as depression or anxiety, or neurocognitive function, and few have evaluated the prevalence of various types of mental health and psychosocial adjustment problems. The KoreaN cohort study for Outcomes in patients With Pediatric Chronic Kidney Disease (KNOW-Ped CKD) has been conducted since 2011 as a patient-based, 10-year prospective and observational cohort study in Korea [11] . This current study assesses the prevalence of, and correlations among, mental health problems and psychosocial adjustment problems in children and adolescents with CKD in the KNOW-Ped CKD, using the Korean-Child Behavior Checklist (K-CBCL).
Patients and methods
We used data from the KNOW-Ped CKD [11] , a study of CKD, from stages 1 to 4, in individuals < 18 years of age, which was conducted from April 2011 to March 2018 ( Fig. 1 ). The study has been previously described, and further information can be found at http://www.clinicaltrials.gov (NCT02165878).
This study was conducted at the following seven pediatric nephrology centers in South Korea: Asan Medical Center Children's Hospital (Seoul), Jeju National University Hospital (Jeju), Kyungpook National University Children's Hospital (Daegu), Pusan National University Children's Hospital (Yangsan), Samsung Medical Center (Seoul), Severance Children's Hospital (Seoul), and Seoul National University Children's Hospital (Seoul). The protocol was approved by the Institutional Review Board committees of each center involved. Written informed consent was obtained from the subjects and/or their parents or caregivers, according to the Declaration of Helsinki. All data were de-identified.
The subjects' parents completed the Korean-Child Behavioral Checklist (K-CBCL) to measure their children's mental health and psychosocial adjustment problems [12, 13] . The K-CBCL is divided into competence and syndrome subscales. The former assesses total social competence, school achievement, and social problems, and the latter consists of eight empirically based syndrome scales (anxiety/depression, withdrawing/depression, somatic complaints, social problems, thought problems, attention problems, delinquent/rulebreaking behavior, and aggressive behavior). Additionally, there were two broad-band scales: internalizing and externalizing problems. Internalizing problems are represented as the sum of the anxiety/depression, withdrawing/depression, and somatic complaints scores. Externalizing problems combine the rule-breaking and aggressive behavior scores. T scores are based on general population norms and defined as the conversion of a raw score to an age-, sex-standardized score in the general child and adolescent population. For each scale, scores can be interpreted as falling in the normal, borderline, or clinical level. The clinical level corresponds to low scores for competence scales and high scores for syndrome scales. The internal consistency coefficient Cronbach's α ranged from 0.62 to 0.82 [13] . The T scores for the 14 subscales of the K-CBCL were used in the current analyses. In the present study, subjects with psychosocial adjustment problems were defined as those who showed T scores of a clinical level on the competence scale, as follows: a T score below 30 for school and social problems, and 36 or below for total social competence. Also, the subjects with mental health problems were defined as those who showed T scores of a clinical level on the syndrome subscales, as follows: 64 or greater for internalizing and externalizing problems, and 70 or more for the eight syndrome scales. The clinical group was defined as those with clinically significant T score according to cutoff in K-CBCL indicating psychosocial adjustment or mental health problems requiring clinical intervention. CAKUT, congenital anomalies of the kidney and the urinary tract; CKD, chronic kidney disease; BMI, body mass index Biochemical profiles that included albumin and hemoglobin were measured at each research center, but serum creatinine (Cr), blood urea nitrogen, and urine protein to creatinine ratio (UPCR) were measured at a central laboratory (LabGenomics, Korea). The eGFRs were estimated using the bedside CKiD formula [14] . CKD was defined according to the Kidney Disease Improving Global Outcomes guidelines in stages, as follows: stage I (eGFRs ≥ 90 ml/min/1.73 m 2 ), II (60-89), IIIa (45-59), IIIb (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) (41) (42) (43) (44) , IV (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) , and V (< 15) [15] . Anemia was defined as hemoglobin levels below the 5th percentile for age and gender [16] . Proteinuria was classified using criteria delineated by the CKiD study, as follows: UPCR below 0.5 mg/mg Cr, between 0.5 and 2.0 mg/mg Cr, and above 2.0 mg/mg Cr [17] .
Blood pressure (BP) measurement has been previously described elsewhere [18] . HTN was defined as systolic and/or diastolic BP ≥ the 95th percentile for age, gender, and height compared to normal BP values for Korean children and adolescents [19] [20] [21] .
Height and weight for all subjects were measured at each visit. The Z scores for growth parameters, including height, weight, and body mass index (BMI) values for all subjects, were calculated based on the Korean National Pediatric and Adolescent Standard Growth Chart [22] . To evaluate short stature among children with CKD, the height Z scores were divided into three classes, as follows: below − 1.88, between − 1.88 and 1.88, and above 1.88 [23] . The degree of underweight/ overweight status was assessed using the following weight and BMI Z scores: below − 1.65, between − 1.65 and 1.65, and above 1.65 [24] .
The primary etiology of CKD was classified into congenital anomalies of the kidney and the urinary tract (CAKUT) including cystic kidney disease, glomerulopathy, and others [17] . CKD duration was measured from the date of renal function deterioration to the date of consent.
Clinical information, as reported in the KNOW-Ped CKD design and methods [11] , was collected. This included medical history, birth history, socioeconomic status (high: monthly income > 4,500,000 Korean Won (KRW), middle: 1,500,000~4,500,000 KRW, and low: < 1,500,000 KRW), education level, and antihypertensive drug use.
Comorbidity was defined as the added presence of one or more of the following: cardiovascular disease, including congenital heart disease, arrhythmia, and heart failure; central nervous system (CNS) disease, including encephalopathy, CNS infection, and anomalies of the CNS; developmental delay or cerebral palsy; seizure disorder; gastrointestinal diseases, including liver diseases; metabolic disorders; eye disorder; hearing disorder; malignancy; endocrinologic disorders; and autoimmune disorders. Multi-organ involvement was defined when one or more comorbid condition, as mentioned above, was accompanied by the underlying CKD.
The above information was obtained from the web-based data management service, PhactaX (version 1.0), with the assistance of Seoul National University Medical Research Collaborating Center's Division of Data Management, as has been previously reported [18] . Continuous variables were expressed as means ± standard deviation and were compared between the two groups using an independent t test. Categorical variables were expressed as percentages and were compared between the two groups with chi-square and Fisher's exact tests. Multiple logistic regression analysis was used to determine the odds ratio and confidence interval for the associations between the clinical mental health problems in pediatric CKD and each variable. Statistical analyses were performed using SPSS version 18.0 for Windows (SPSS, Chicago, IL, USA).
Results

Demographic and clinical characteristics of KNOW-Ped CKD
One hundred sixty-six subjects who completed the K-CBCL were included in this study. There were 117 (70.5%) males and 49 (29.5%) females. The mean age was 11.1 (± 3.9) years, with a range in age from 3.8 to 16.6 years. The mean duration of CKD was 3.9 (± 4.2) years, with a range of 0.0 to 16.3 years. About 18% and 24% of subjects showed short stature (height < − 1.88) and lower weight (< − 1.65) Z scores, respectively. The most common cause of CKD was CAKUT, including cystic kidney disease (62.0%), and 24.7% of the children had primary glomerulopathy. Sixteen subjects (9.6%) had a history of preterm birth, and 112 subjects (67.5%) received antihypertensive medication for hypertension or proteinuria (Table 1) .
Mental health problems and psychosocial adjustment problems in KNOW-Ped CKD
The T score was significantly higher on all CBCL scales when there was a mental health problem, and significantly lower on the competence scale when there was a psychosocial adjustment problem. The clinical group showed significantly lower competence scales and significantly higher scores for the total problem, internalizing problem, social problem, and attentional problem subscales in the syndrome scales ( Table 2) .
Of all the subjects, 12.7% had a clinically significant internalizing problem, such as depression, anxiety, or somatic symptoms, and 9.0% of the children had a clinically significant externalizing problem, such as rule-breaking or aggressive behavior. Mental health and psychosocial adjustment problems were present among 20.5% and 22.3% of the subjects, respectively. The overall proportion of children who were assigned to the clinical group on the basis of mental health or psychosocial adjustment problems was 33.1% (Table 3 ).
There were no significant differences in sociodemographic variables, including age, gender, education level, and socioeconomic status according to the presence of mental health or adjustment problems (Table 4 ). However, subjects with adjustment problems had a shorter stature and lower BMI Z scores. Moreover, subjects in the clinical group exhibited a short stature when compared to those in the nonclinical group. More subjects with adjustment problems, as well as those in the clinical group, had higher rates of preterm birth history.
The severity of CKD and its associated complications, including duration, stage, etiology, anemia, and proteinuria, have little impact on mental health or adjustment problems (Table 5 ). However, the subjects without adjustment problems, or those in the non-clinical group, more frequently used antihypertensive medications. History of other drug use aimed at controlling CKD was also independent of mental health or adjustment problems.
Multi-organ involvement was higher among subjects with mental health problems. Additionally, subjects with adjustment problems had higher comorbidities such as CNS disease, developmental delay, seizure disorder, cardiovascular disease, K-CBCL, Korean-Child Behavioral Checklist 1 Percentage with more than one syndrome subscale T score in the clinical range 2 Percentage with more than one competence subscale T score in the clinical range 3 Percentage of more than one K-CBCL subscale T score in the clinical range Table 4 Demographic hearing loss or blindness, and multi-organ involvement ( Table 6 ). In a multiple logistic regression analysis, after adjusting for age and gender, membership in the clinical group was highly correlated with preterm birth history and was comorbid with developmental delay, rather than eGFR, CKD duration, and multi-organ involvement ( Table 7 ).
Discussion
In this study, 33.1% of children and adolescents with predialysis CKD had clinically significant mental health or psychosocial adjustment problems. A previous study reported that 43 .3% of children and adolescents with nephrotic syndrome had behavioral problems, of whom 23.3% reported mixed conduct and emotional disorders and 6.67% reported conduct disorders [25] . The study by Bakr et al. evaluated psychiatric disorders in 38 pediatric patients with CKD undergoing conservative treatment and hemodialysis. The prevalence of psychiatric disorders was 52.6%, divided as follows: behavioral, 18.4%; depression, 22.4%; neurocognitive disorders, 7.7%; anxiety, 5.1%; and elimination disorders, 2.6% [26] . In our study, significant proportions of children and adolescents experienced difficulties with mental health and adjustment to school or social life; the discrepancies in prevalence, as compared with extant studies, are likely related to differences in disease type and measurement tools. Regardless, these findings suggest the need for research into mental health problems, as well as screening for psychosocial adjustment problems and therapeutic interventions for children with CKD.
Out of a total 166 subjects, 18.1% had short stature, as indicated by a height Z score below − 1.88. In addition, psychosocial adjustment problems other than mental health problems, such as emotional and behavioral problems, were significantly associated with short stature. CKD affects growth due to multiple factors, including metabolic acidosis, decreased caloric intake, metabolic bone disease, growth hormone resistance, and increased levels of IGF-1 binding CAKUT, congenital anomalies of the kidney and the urinary tract; CKD, chronic kidney disease; DBP, diastolic blood pressure; SBP, systolic blood pressure; HTN, hypertension; K-CBCL, Korean-Child Behavioral Checklist; UPCR, urine protein to creatinine ratio; † Fisher's test; significant at *P < 0.05 1 Percentage with more than one K-CBCL subscale T score in the clinical range proteins [27] . A study published by the North American Pediatric Renal Trials and Collaborative Studies (NAPRTCS) reported that 36% of children with CKD had a height Z score < − 1.88 at the time of enrollment [28] . In previous studies, children with CKD and growth retardation had increased hospitalization rates and a threefold increase in mortality [29] . Similar to our results, a short stature has been shown to negatively affect psychosocial development [30, 31] . Recently, quality of life was shown to be improved by catching up the growth of short-statured children with CKD.
In particular, an increase in height Z score due to the use of growth hormone was associated with improved physical and social functioning [32] . Considering these results, the psychosocial adjustment problems evidenced in school and social life should be taken into consideration for short-statured children with CKD. K-CBCL, Korean-Child Behavioral Checklist; CKD, chronic kidney disease; CNS, central nervous system. † Fisher's test; significant at *P < 0.05 1 Percentage with more than one K-CBCL subscale T score in the clinical range In the present study, preterm birth history was confirmed to be 9.6%. Prematurity occurs with a greater frequency among children with CKD and is associated with a greater frequency of CNS injuries and later developmental deficits [33] . Greenbaum et al. reported that the prevalence of prematurity was 12% among 426 pediatric patients with CKD, and abnormal birth history was associated with relatively low current height and weight [34] . Our results suggest that CKD itself affects growth retardation; however, children with CKD who have risk factors for growth retardation, including preterm birth history, developmental delay, and indications of growth hormone therapy, were more likely to experience emotional, behavioral, and adjustment problems in the future.
In our study, there were no significant differences in the biological markers reflecting the severity of CKD between the clinical and non-clinical groups. On the contrary, the frequency of comorbidities, including CNS disease, developmental delay, and cardiovascular disease, were significantly higher in the clinical group. In particular, these comorbidities were more related to adjustment problems than to mental health problems. In a study of an adult cohort with CKD, 40% had more than two comorbidities, and greater multi-morbidity was independently associated with mortality [35] . However, few studies have considered the association between comorbidities and mental health in children or adults with CKD. In our study, the most common etiology of CKD was CAKUT. CAKUT is known to be commonly associated with nonurinary congenital anomalies such as musculoskeletal, digestive, cardiovascular, and CNS disorders [36] . In addition to the complications associated with the progression of CKD, CAKUT itself can result in more severe impairment of neuropsychological function due to the long-term diseases affecting other organs that begin in early childhood. Thus, our results suggest that children with CKD and comorbidities, such as CNS disease, developmental delay, and cardiovascular disease, will have more functional limitations in daily life. This increases the stress experienced by the child with CKD and their family, and can cause difficulties in psychosocial adjustment.
In the present study, multi-organ involvement was associated with both mental health and adjustment problems. In addition to CKD, children with multi-organ involvement will receive more medication or experience more frequent hospitalization. This results in psychosocial stress, anxiety, and depression due to illness. Also, there is a high possibility that CKD children will experience social adaptation problems, such as difficulty in peer relations and academic performance, in addition to other medical problems.
Interestingly, in the present study, we found that the subjects without adjustment problems or those who were in the non-clinical group were taking more antihypertensive agents than those who had adjustment problems or were in the clinical group. Previous studies reported conflicting results in terms of the impact of HTN across aspects of quality of life. Several studies have reported on the relationship between HTN and quality of life. Awareness of being hypertensive could itself reduce quality of life by constraining patients in terms of general health, physical functioning, vitality, and mental health [37] . On the other hand, the influence of HTN may result from characteristics of specific populations, or even from chance [38] . However, the relationship between mental health and HTN in CKD is limited. Because HTN is a putatively asymptomatic condition, complications due to HTN can have a more significant impact on mental health and adjustment than HTN itself. Considering our results in other aspects, taking antihypertensive medication may have a positive effect on mental health and adjustment that can prevent complications, including cardiovascular disease, and can prevent CKD progression. HTN, and the use of antihypertensive drugs, is very common in CKD treatment. Therefore, future research concerning the association between HTN itself, or complications caused by HTN, antihypertensive medication, and mental health in pediatric CKD is needed.
Of the variables considered in the current study, developmental delay and preterm birth history were significantly associated with mental health and psychosocial adjustment problems. This suggests that, even if CKD severity, duration, and medical comorbidities are considered, developmental delay and preterm birth will have a significant negative impact on psychosocial development and adaptation. This is likely to result in mental health problems in children with CKD.
Developmental delay is a descriptive term used when a young child exhibits delay in motor behavior, speech and language, cognitive development, or social and emotional development. Previous research has reported that children with CKD may experience growth retardation and pubertal delay due to uremia associated with CKD [39] . Such children have been known to exhibit decreased cognitive performance and developmental delay because of insults to CNS development during a critical period. This growth retardation and developmental delay affect psychosocial functioning; notably, the low self-esteem of children with CKD [40] . Additionally, anemia, HTN, cardiovascular disease, and malnutrition, which frequently present as kidney failure advances, may also impact neurodevelopment [41, 42] . In a review of CNS issues in childhood CKD, approximately 20-25% of very young children with end-stage renal disease showed general developmental delays, and neurodevelopmental impairment increased as did kidney disease severity [43] . Preterm birth is related to developmental delay, and children born preterm may have attention, emotional, or peer relationship problems that may impact their daily functioning [44, 45] . Here, we found that, as is the case in the general population, developmental delay predominately affects emotion, behavior, and adjustment in children's real life experiences, rather than biological markers and eGFR which reflect the severity of CKD in children. However, considering the chronic course and prognosis of CKD, more attention should be paid to mental health and adjustment problems in the event of premature birth or the delayed development of cognition, sociality, and language.
Similar to our results, the CKiD cohort study reported that Children's Depression Inventory scores were not related to changes in GFR [46] . Additionally, Amr et al. reported no significant correlations between the presence of psychiatric disorders and age, gender, severity of anemia, CKD duration, or the efficiency or duration of hemodialysis among pediatric CKD patients [6] . On the other hand, in a previous study of 44 patients aged 9-18 years with CKD stages III-V, the adjusted risk of depression was lower for patients with a CKD duration of less than 3 years and for those with CKD stages IV and V compared to those with CKD stage III [5] . In this study, most of the subjects were in mild to moderate CKD stages, and CKD-related complications were not associated with mental health or adjustment problems. However, previous studies have shown that dialysis treatment and duration of dialysis affect psychosocial functioning in CKD children; long-term follow-up studies are needed to determine whether CKDrelated complications such as anemia, HTN, and CKD duration, CKD stage, and dialysis treatment affect mental health or psychosocial adjustment problems as CKD progresses [47] [48] [49] .
The primary limitation of this study was that its crosssectional design rendered it difficult to determine the causal relationships between CKD and mental health problems. Additionally, we analyzed subjects with CKD without comparing them to a normal, healthy control group. We used a questionnaire on emotion and behavior, as reported by parents, and did not include children's selfreports or a structured questionnaire to assess psychiatric disorders. In addition, we did not evaluate the cognitive function that affected psychosocial adjustment.
In contrast, our study's strengths are its relatively large sample size, the fact that it is the first to investigate the frequency of various mental health and adjustment problems. In addition, although previous CKiD studies have reported correlates of depressive symptoms in CKD children [46] , in this study, we comprehensively considered various socio-demographic and CKD-related variables, rather than specific symptoms, as risk factors for overall mental health and adjustment problems. In this study, a significant proportion of children and adolescents with CKD experienced mental health and adjustment problems. Children with CKD should be more concerned with mental health and adjustment problems because they are exposed to the long-term morbidity of CKD in the process of brain and psychosocial development, as is not the case with adult-onset CKD. In particular, patients with developmental delay or preterm birth history require screening and follow-up targeted at mental health and adjustment problems. Further research into mental health screening tools and therapeutic interventions is needed.
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